The pathway by which carbohydrates are metabolized by Leuconostoc mesenteroides strain 39 has recently been established (De Moss et al., 1951 , 1953 Gunsalus and Gibbs, 1952; De Moss and Gibbs, 1955; Hurwitz, 1958; Ciferri and Blakley, 1959) . This strain has been widely used in the degradation of radioactive sugars (Blackwood and Blakley, 1956; Blakley and Blackwood, 1957) . The products resulting from the metabolism of D-glucose and D-xylose by this strain are illustrated in schemas 1 and 2. CHO However, McCleskey (1957, 1958) demonstrated that five other strains consumed oxygen in the presence of glucose by cell suspensions of five colonial types of L. mesenteroides. The aerobic breakdown of one mole of glucose resulted in the uptake of approximately one mole of oxygen and the production of one mole each of carbon dioxide, acetic acid and lactic acid. Cell suspensions of strain 39 (1957, 1958) . The organisms were carried on agar medium as suggested by De Moss for L. mesenteroides strain 39, as previously described (Altermatt et al., 1955) .
Substrates. The substrates, glucose-i-C'4, glucose-2-C'4, glucose-6-C14, xylose-1-C14, and xylose-5-C'4 were provided by Dr. A. C. Neish of this laboratory.
Fermentation of glucose. The fermentation was conducted anaerobically in modified Erlenmeyer flasks (Neish, 1953) using resting cell suspensions of the particular strains. The organisms were grown aerobically without agitation through two transfers in a medium described previously (Altermatt et al., 1955) and 0.5 per cent was used to inoculate 1 L of the same medium. After incubating without shaking at 30 C for 16 hr, the cells were recovered by centrifugation, then washed with 0.9 and resuspended per cent saline, recentrifuged, in 15 ml of water. Each flask containing about 1.5 mmoles of C14-labeled glucose (about 150 muc) in 5 ml water, 1 ml of 0.02 per cent bromocresol green, and 0.4 ml of 0.5 M phosphate buffer (pH 6.5), was filled with O2-free N2 gas, obtained by passing tank N2 through (Blackwood and Blakley, 1956) . Each flask, containing about 1.5 mmoles of CG4-labeled xylose (about 150 m,uc), was inoculated with 1 to 2 ml of a cell suspension and incubated at 30 C under a nitrogen atmosphere. The fermentations were not shaken for the first 3 days, but when the calcium carbonate began sticking to the sides of the flask, the flasks were shaken on a rotary (Blackwood and Blakley, 1956 ). Ethanol and the organic acids were determined by the techniques described by Neish (1952) . Lactic acid was converted to carbon dioxide and acetic acid by the method of Friedemann and Graeser (1933) and the acetic acid was degraded for carbon analysis by the method of Phares (1951) . When no radioactivity was expected in the ethanol or lactic acid fractions obtained from the fermentation of glucose, they were converted to carbon dioxide by the wet combustion method of Van Slyke (1954).
All the acetic and lactic acid fractions obtained from the fermentation of xylose were degraded as described above. Formic acid and succinic acid were converted to carbon dioxide by the wet combustion method of Van Slyke (1954) . The amount of radioactivity of all samples when converted to carbon dioxide was measured in a proportional counting apparatus similar to that described by Buchanan and Nakao (1952 The results of the radioactive experiments are given in table 2 and are similar to those obtained with strain 39 (Gunsalus and Gibbs, 1952) . Thus, radioactive carbon dioxide was recovered from glucose-1-C'4, methyl-labeled ethanol was recovered from glucose-2-C14 and methyl-labeled lactic acid was recovered from glucose-6-C14.
Fermentation of xylose. Paper chromatographic examination of samples taken during the fermentation of xylose by the five strains of L. mesenteroides showed that only strain 548 had utilized almost all of the xylose after 7 days of incubation. Because the fermentations were slow and incomplete, satisfactory data for all the strains were difficult to obtain. After 19 days of fermentation, strain 548 had utilized 95 per cent of the xylose whereas only 12 to 30 per cent of the xylose had been utilized by the other four strains (table 4). The major fermentation products for strains 548 and 154, shown in table 3, are acetic acid and lactic acid, but strain 154 also produced a considerable quantity of formic acid and a smaller amount of suceinic acid. The other strains produced various amounts of formic acid, succinic acid, and some ethanol. The observations with strains 154, 719, 860, and 246 are in agreement with Johnson and MIcCleskey (1958) who found that the amounts of products formed from xylose were too small to permit carbon balance studies.
When the fermentation products were examined for the distribution of C14 (table 4) , strain 548 fermented xylose in a manner similar to strain 39, producing methyl-labeled acetic acid from xylose-1-CI4 and methyl-labeled lactic acid from xylose-5-C14. The products of the fermentation of xylose by the other four strains were found to contain the expected methyl-labeled acetic acid and methyl-labeled lactic acid. However, a considerable amount of activity was also found in the formic acid together with variable amounts of activity in the succinic acid and other carbons of acetic acid and lactic acid.
DISCUSSION
The anaerobic metabolism of glucose by each of the five strains of L. mesenteroides, as suggested by Johnson and McCleskey (1957) , is similar to that of strain 39. Johnson and McCleskey (1958) have shown that the aerobic metabolic pathway for these strains is different from that of strain 39 in that the former use oxygen as an electron acceptor and produce acetic acid rather than ethanol as one of the major products of glucose metabolism. Strain 39, however, cannot utilize oxygen. De Moss and Gibbs (1955) It is now evident from the studies of Hurwitz (1958) and also Ciferri and Blakley (1959) that the electron acceptor in strain 39 is acetyl phosphate or some closely related compound such as acetyl coenzyme A. Thus, it would appear that the difference between the anaerobic and aerobic fermentations of glucose by the five strains is that in the former, electrons are transferred to acetyl phosphate or a related metabolite to form ethanol, whereas in the latter, electrons are transferred to oxygen, resulting in the production of acetic acid rather than ethanol.
In the fermentation of xylose, the five strains differ. Only strain 548 fermented xylose at a rate similar to strain 39 and gave similar products. The other four strains fermented xylose very slowly and produced methyl-labeled acetic acid from xylose-1-C"4 and methyl-labeled lactic acid from xylose-5-C14 as major products. These results indicate that the metabolic pathway in strains 39 and 548 for xylose breakdown was operating to some extent in the other four strains. 
SUMMARY
Glucose and xylose specifically labeled with C'4 were fermented under anaerobic conditions by five strains of Leuconostoc mesenteroides representing five different colonial types. The products of fermentation were quantitatively determined, then degraded and the distribution of radioactivity compared with the results of previous experiments conducted with one strain of L. mesenteroides strain 39. Although it is known that the various strains of L. mesenteroides differ in the aerobic metabolism of glucose, the anaerobic metabolism of glucose is similar in all of these strains. Strain 548 ferments xylose rapidly and in a manner similar to strain 39. However, strains 154, 719, 860, and 246 differ from strains 39 and 548 by fermenting xylose very slowly and with the production of formic acid and succinic acid in addition to the major products acetic acid and lactic acid.
